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ABSTRACT ; 



PROBLEM TO BE SOLVED: To realize the high luminescent efficiency 

and 

superior driving durability by using a compound having a specific 
structure in 

an electron carrying layer as at least one organic layer held between 
a pair of 
electrodes . 

SOLUTION: This organic electroluminescent element has an electron 
carrying 

layer including a compound represented by the formula as a component, 
as one of 

organic layers formed between a pair of electrodes. In the formula, 
M is a 
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tetravalent metal, pref erably_z irconium; R1-R5 are H, chlorine atom, 
bromine 

atom, alkyl halide group, lower alkyl group, lower alkoxy group, 
aralkyl group, 

an optionally substituted aryl group, a dialkylamino group, a 
diphenyl group or 

the like. By using the tetravalent metal as a central metal, the 
electron 

carrying property of a molecule can be improved, and the luminescent 
efficiency 

and the driving durability of the element can be improved. The 

organi^_layer:, ** 

i~s preferably used as a luminescent layer . The balance of a hole and 

electron 

in the luminescent layer is improved, and the luminescent efficiency 

can be 

improved. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Field of the Invention] 

[0001] This invention is a light emitting device broadly used as various kinds of displays, and are efficient and a 

thing about organic electroluminescence devices excellent in stability. 

[0002] 

[Description of the Prior Art] Electroluminescence devices are bright compared with a liquid crystal device 
because of self-luminescence, and since the clear display is possible, they have been studied by many 
researchers for many years. There is a component using ZnS of an inorganic material as electroluminescence 
devices which reached current practical use level. Since more than 200V is required as driver voltage for 
luminescence, such inorganic electroluminescence devices have come [ however, ] to be used widely. 
[0003] On the other hand, although the organic electroluminescence devices which are the electroluminescence 
devices using an organic material were far from conventionally practical level, the property progressed by leaps 
and bounds by the laminating constituent child developed by C.W.Tang and others of Eastman Kodak Co. in 
1987. Their structure of the vacuum evaporationo film was stable, and they did the laminating of the layer 
(electronic transportability luminous layer) which consists of a fluorescent substance which can convey an 
electron, and the layer (electron hole transportation layer) which consists of the organic substance which can 
convey an electron hole, and succeeded in pouring in both carriers into a fluorescent substance and making 
them emit light. The luminous efficiency of organic electroluminescence devices improves by this, and they are 
1000 cd/m2 at the electrical potential difference not more than 10V. The above luminescence came to be 
obtained. Research for the improvement in a property is done by the researcher of after that many, and they are 
10000 cd/m2 at current. The above luminescence property is acquired. 

[0004] In such organic electroluminescence devices, a property changes with the organic material and the 
electrode materials which constitute a component a lot. In order to have achieved important functions, such as 
transportation, recombination, and luminescence of a charge, and to realize the component which was excellent 
in the property, it is important for especially an organic material to choose the ingredient suitable for each 
function. Since organic electroluminescence devices are the devices of a charge impregnation mold, selection of 
a charge transportation ingredient divides them and they become important. 

[0005] A charge transportation ingredient is divided roughly into an electron hole transportation ingredient and 
an electronic transportation ingredient. Generally as an electron hole transportation ingredient, the 
triphenylamine derivative is used. On the other hand, as an electronic transportation ingredient, use of an 
OKIS A diazole derivative or a triazole derivative is considered. However, the film using these ingredients has 
the trouble that endurance gets remarkably bad, when condensation is used for a lifting or the component which 
becomes empty. 

[0006] A quinolinol system metal complex is raised to the ingredient with which examination as an electronic 
transportation ingredient is performed in addition to these derivatives. As a typical ingredient examined until 
now, there is tris (8-hydroxyquinoline) aluminum (Alq) shown in ** 3. 
Formula 3] 




[0007] Moreover, in JP,9-272865,A, the metal complex which made the ligand 8-hydroxy quinolinol which has 
a substituent in the 2nd place is supposed that the property which was excellent as an electronic transportation 
ingredient is shown. 

[0008] However, only the property inadequate in any case, in order to put luminous efficiency and drive 

endurance in practical use is acquired. 

[0009] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has luminous efficiency in realizing 
the organic electroluminescence devices which were highly excellent in drive endurance by improving the 
organic material used for organic electroluminescence devices, and its usage. 



[Means for Solving the Problem] It has the above organic layer further at least, and it constitutes so that one of 
the organic layers may be an electronic transportation layer or it may be a luminous layer, and this invention 
makes it a summary to have used the metal complex into which organic electroluminescence devices were 
inserted the electrode of a pair, and between them and which has a tetravalent central metal in the component in 
order to attain the above-mentioned purpose. By this, transportation of the charge within a component, 
especially an electron becomes smooth, and the electronic transportation ability of a molecule improves, the 
luminous efficiency of a component improves, and it excels in stability, and has an operation that drive 
endurance improves. 

[001 1] As a 1 configuration mode of this this invention, in the organic electroluminescence devices which were 
inserted the electrode of a pair, and between them and which have the above organic layer further at least, one 
of the organic layers is an electronic transportation layer, and invention of this invention according to claim 1 is 
organic electroluminescence devices characterized by the component consisting of a compound expressed with 
following ** 4. 



(M expresses a tetravalent metal.) Rl, R2, R3, R4, and R5 express independently the heterocycle radical which 
is not permuted [ the cycloalkyl radical which is not permuted / the aryl group which is not permuted / a 
hydrogen atom, a chlorine atom a bromine atom an alkyl halide radical a low-grade alkyl group, a lower alkoxy 
group, an aralkyl radical, an alkenyl radical, a permutation, or /, a permutation, or / a permutation, or ], a 
dialkylamino radical, the diaryl amino group, a diphenyl radical, and a naphthyl group, respectively. 
[0012] In the organic electroluminescence devices of this configuration, the electronic transportation ability of a 
molecule improved by using a tetravalent metal for a central metal. Consequently, the effectiveness of a 
component was able to be raised and drive endurance was able to be raised. 

[0013] In the organic electroluminescence devices which were inserted the electrode of a pair, and between 
them and which have the above organic layer further at least, one of the organic layers is a luminous layer, and 
invention of this invention according to claim 2 is organic electroluminescence devices characterized by the 
component consisting of a compound expressed with following ** 5. 
.Formula 5] 
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(M expresses a tetravalent metal.) Rl, R2, R3, R4, and R5 express independently the heterocycle radical which 
is not permuted [ the cycloalkyl radical which is not permuted / the aryl group which is not permuted / a 



hydrogen atom, a chlorine atom a bromine atom an alkyl halide radical a low-grade alkyl group, a lower alkoxy 
group, an aralkyl radical, an alkenyl radical, a permutation, or /, a permutation, or / a permutation, or ], a 
dialkylamino radical, the diaryl amino group, a diphenyl radical, and a naphthyl group, respectively. 
[0014] By the organic electroluminescence devices of this configuration, by using the ingredient excellent in 
electronic transportation ability for a luminous layer, the balance of the electron hole and electron within a 
luminous layer was able to become good, and luminous efficiency was able to be raised. 
[0015] Invention of this invention according to claim 3 is the organic electroluminescence devices of claim 1 or 
2 publications which are characterized by the metal atom expressed with M being a zirconium in said 
compound. In the organic electroluminescence devices of this configuration, by making a central metal into a 
zirconium, further, electronic transportation ability was able to improve and was able to realize the outstanding 
organic electroluminescence devices of a property. 
[0016] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is concretely explained using a 
drawing. Drawing! is the sectional view showing the outline configuration of the gestalt of 1 operation of the 
organic electroluminescence devices by this invention. These organic electroluminescence devices form an 
anode plate 2 on a glass substrate 1, on it, from a glass substrate 1 side, carry out the laminating of the electron 
hole transportation layer 3, a luminous layer 4, the electronic transportation layer 5, and the cathode 6 to order, 
and form them. 

[0017] In such a configuration, the ingredient which can inject an electron hole into an organic layer as an 
anode plate 2 is used. Specifically, indium stannic acid ghost (ITO) metallurgy, conductive polymeric materials, 
etc. are raised. 

[0018] As an ingredient which forms the electron hole transportation layer 3, a transparent thing is needed to 
that the mobility of an electron hole is large, that a thin film without a pinhole can be formed, and the 
fluorescence of a luminous layer 4. Although a tetra-phenyl benzidine derivative etc. is raised as a typical 
ingredient which satisfies these requirements, it is not limited to this. Moreover, although produced with the 
vacuum deposition by resistance heating, the electron hole transportation layer 3 may produce what distributed 
the aforementioned ingredient in polymers, such as a polycarbonate, by the spin coat method or the cast method, 
like a polyvinyl carbazole or poly para-phenylene vinylene, in the case of the polymer which has electron hole 
transportation ability, may produce a film with a spin coat method etc. independently, and may usually use it for 
it. 

[0019] As a luminous layer 4, it is called for having fluorescence and that an exciton is generable with the 
recombination of an electron and an electron hole. Usually, although produced with the vacuum deposition by 
resistance heating, what distributed the aforementioned ingredient may be produced and used by the spin coat 
method or the cast method into polymers, such as a polycarbonate. 

[0020] Moreover, the film which carried out little distribution of the coloring matter of fluorescence may be 
used as a luminous layer 4 into the ingredient excellent in film production nature. This technique is very 
effective to a lifting or a cone fluorochrome in concentration quenching, or it is easy to crystallize, if 
independent. 

[0021] It is called for that the thin film which does not have and and the pinhole where electronic mobility is 
large as an electronic transportation layer 5 can be formed. Although the electronic transportation layer 5 is 
produced with the vacuum deposition by resistance heating, when what distributed the aforementioned 
ingredient may be produced by the spin coat method or the cast method and the polymer itself has electronic 
transportation ability in polymers, such as a polycarbonate, it may produce a film with a spin coat method etc. 
independently. Moreover, the laminating of two or more kinds of ingredients may be carried out, and they may 
be used as an electronic transportation layer 5. 

[0022] In addition, although not illustrated especially, it can also be served as a luminous layer 4 with the 
electron hole transportation layer 3 or the electronic transportation layer 5. The layer which consists of the 
organic substance in the case of the former becomes the two-layer structure of a luminous layer / electronic 
transportation layer. Moreover, the layer which consists of the organic substance in the case of the latter 
becomes the two-layer structure of an electron hole transportation layer / luminous layer. 
[0023] As cathode 6, it is required for an electron to be injected into an organic layer and to excel in the stability 
for an environment. As a metal which satisfies these requirements, the alloy of aluminum, magnesium or 
aluminum, and. a lithium, the alloy of magnesium and silver, the alloy of silver and a lithium, etc. are raised. 



Moreover, effectiveness with the same said of what carried out the laminating of the thin film (5nm or less) and 
metals of a lithium fluoride metallurgy group oxide (aluminum etc.) is acquired. 

[0024] Cathode 6 produced the film with the resistance heating method. When using an alloy, it forms with the 
vapor codeposition which flies two kinds of metals from the respectively independent source of vacuum 
evaporationo to coincidence with a resistance heating method, and produces a film. The component ratio of an 
alloy is determined by adjusting each evaporation rate. 

[0025] Moreover, the alloy beforehand produced by the predetermined component ratio may be used for 
cathode 6. In addition to a resistance heating method, it is producible also by electron beam vacuum deposition 
or the sputtering method. 

[0026] Hereafter, the gestalt of operation of more detailed this invention is explained typically. It cannot be 
overemphasized that this invention is not limited by these. 

[0027] (Example 1) as a base material, the indium stannic acid-ized film (ITO) was beforehand formed as a 
transparent anode plate 2 on the glass substrate 1, and patterning was carried out to the form of an electrode - it 
used. After fully washing this base material, it set in vacuum devices together with the ingredient to vapor- 
deposit, and exhausted up to ten to 4 Pa. Then, N, N'-screw [4'-(N and N-diphenylamino)-4-biphenylyl]-N, and 
50nm (TPT) of N f -diphenyl benzidines were produced as an electron hole transportation layer 3. Then, 25nm of 
Alq(s) was produced as a luminous layer 4. Furthermore, 25nm (1) of quinolinol metal complexes shown in ** 
6 as an electronic transportation layer 5 was produced. 



[0028] Then, the AlLi alloy was produced by the thickness of 150nm as cathode 6, and the component was 
produced. These film production was performed continuously, without breaking a vacuum also at once. In 
addition, it acted as the monitor of the thickness with the quartz resonator. After component production, ejection 
of an electrode was immediately performed in desiccation nitrogen, and property measurement was performed 
succeedingly. When the electrical potential difference was impressed to the obtained component, uniform 
yellow-green luminescence which has a peak in 520nm was obtained. 100 mA/cm2 the place which measured 
the driver voltage and the luminescence brightness at the time of impressing a current - driver voltage 5.5 V and 
luminescence brightness - 3200 cd/m2 it was . This component is set in desiccation nitrogen and it is initial 
brightness 1000 cd/m2. 500 cd/m2 whose brightness is early one half when a continuation drive (constant 
current) is carried out The time amount (brightness half-life) taken to become was lOOOh. Moreover, the amount 
of [ after 500h drive ] power surge was 0.4V. 

[0029] (Example 2) like the example 1, the indium stannic acid-ized film (ITO) was beforehand formed as a 
transparent anode plate 2 on the glass substrate 1, and it set in vacuum devices together with [ after fully 
washing the used base material which carried out patterning to the form of an electrode ] the ingredient to 
vapor-deposit, and exhausted up to ten to 4 Pa. Then, 50nm of TPT(s) was produced as an electron hole 
transportation layer 3, as a luminous layer 4, Alq and a 3-(2 , -benzothiazolyl)-7-diethylamino coumarin 
(coumarin 6) were vapor-deposited to coincidence, and 25nm of mixed film was produced continuously. The 
rate of a coumarin 6 to Alq was made into one-mol%. Next, 25nm (1) of quinolinol metal complexes was 
produced as an electronic transportation layer 5. Then, the AlLi alloy was produced by the thickness of 150nm 
as cathode 6, and the component was produced. 

[0030] When the electrical potential difference was impressed to the obtained component, uniform yellow-green 
luminescence which has a peak in 522nm was obtained. 100 mA/cm2 the place which measured the driver 
voltage and the luminescence brightness at the time of impressing a current - driver voltage 5.3V and 
luminescence brightness - 7910 cd/m2 it was . This component is set in desiccation nitrogen and it is initial 
brightness 1000 cd/m2. When the continuation drive (constant current) was carried out, the brightness half-life 
was 1 500h. Moreover, the amount of [ after 500h drive ] power surge was 0.3V. 

[0031] (Example 3) In this example, organic electroluminescence devices were produced like the example 1 
except having changed the fluorescence ingredient used for a luminous layer 4, and the ingredient used for the 



Tormula 61 




CD 



electronic transportation layer 5. As a luminous layer 4, the JISUCHIRIRU arylene derivative (DPVBi) shown 
in following ** 7 was used. 
[Formula 7] 




Moreover, as an electronic transportation layer 5, the quinolinol metal complex (2) shown in following ** 8 was 
used. 

Pormula 8] 

(2) 




[0032] (Example 4) Also in this example, organic electroluminescence devices were produced like the example 
1 except having changed the fluorescence ingredient used for a luminous layer 4, and the ingredient used for the 
electronic transportation layer 5, As a luminous layer 4. the screw rR-hvdroxygiiin oline) zinc fZnq^l shown in 
follow^ 
Formula 9] 




Moreover, as an electronic transportation layer 5, the quinolinol metal complex (3) shown in following ** 10 
was used. 
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[0033] (Example 5) Also in this example, organic electroluminescence devices were produced like the example 
1 except having changed the fluorescence ingredient used for a luminous layer 4, and the ingredient used for the 
electronic transportation layer 5. As a luminous layer 4, the compound which are the JISUCHIRIRU arylene 
derivative (DPVBi) shown in ** 7 and a quinolinol metal complex (1) was used like the case of the above- 
mentioned example 3. Moreover, as an electronic transportation layer 5, the quinolinol metal complex (4) 
shown in following ** 1 1 was used. 
Tormula 11] 
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[0034] (Example 6) Also in this example, organic electroluminescence devices were produced like the example 
1 except having changed the fluorescence ingredient used for a luminous layer 4, and the ingredient used for the 
electronic transportation layer 5. The quinolinol metal complex (1) was used as a luminous layer 4. Moreover, 



as an electronic transportation layer 5, the quinolinol metal complex (5) shown in following ** 12 was used 
Formula 12] 




[0035] The ingredient of the luminous layer 4 and the electronic transportation layer 5 which were used for the 
component produced in these examples 3-6, and 100 mA/cm2 Driver voltage [ at the time of impression ] 
luminescence brightness, and initial brightness 1000 cd/m2 A part for the power surge after the brightness half- 
life when carrying out a continuation drive (constant current) and 500h drive is united with the result of 
examples 1 and 2, and is shown in Table 1. 
[Table 1] 
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[0036] (Example 7) like the example 1, the indium stannic acid-ized film (ITO) was beforehand formed as a 
transparent anode plate 2 on the glass substrate 1, and it set in vacuum devices together with [ after fully 
washing the used base material which carried out patterning to the form of an electrode ] the ingredient to 
vapor-deposit, and exhausted up to ten to 4 Pa. Then, 50nm of TPT(s) was produced as an electron hole 
transportation layer 3. Then, 50nm (1) of quinolinol metal complexes was produced as a luminous layer 4. The 
AlLi alloy was produced by the thickness of 150nm as cathode 6, and the component was produced. 
[0037] Thus, when the electrical potential difference was impressed to the obtained component, uniform 
yellow-green luminescence which has a peak in 533nm was obtained. 100 mA/cm2 the place which measured 
the driver voltage and the luminescence brightness at the time of impressing a current ~ driver voltage 5 5V and 
luminescence brightness - 2710 cd/m2 it was . This component is set in desiccation nitrogen and it is initial 
brightness 1000 cd/m2. When the continuation drive (constant current) was carried out, the brightness half-life 
was 520h. Moreover, a part for the power surge after 500h drive is [0038] which was 0.6V. (Examples 8-11) 
Organic electroluminescence devices were produced like the example 7 except having changed the class of 
quinolinol metal complex used for a luminous layer 4. The class of quinolinol metal complex used for the 
luminous layer 4 in these examples, and 100 mA/cm2 of the produced organic electroluminescence devices The 
driver voltage at the time of impression, luminescence brightness, the initial brightness of 1000 cds/m2 A part 
for the power surge after the brightness half-life when carrying out a continuation drive (constant current) and 
500h drive is shown in Table 2 together with the result of an example 7 
[Table 2] 
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[0039] (Example 12) like the example 1, the indium stannic acid-ized film (ITO) was beforehand formed as a 
transparent anode plate 2 on the glass substrate 1 , and it set in vacuum devices together with [ after fully 
washing the used base material which carried out patterning to the form of an electrode ] the ingredient to 
vapor-deposit, and exhausted up to ten to 4 Pa. Then, 50nm of TPT(s) was produced as an electron hole 
transportation layer 3. Then, 25nm (1) of quinolinol metal complexes was produced as a luminous layer 4 
Furthermore, after producing 25nm of Alq(s) as an electronic transportation layer 5, the AlLi alloy was 
produced by the thickness of 1 50nm as cathode 6, and the component was produced. 
[0040] Thus, when the electrical potential difference was impressed to the obtained component uniform 
yellow-green luminescence which has a peak in 532nm was obtained. 100 mA/cm2 the place which measured 
the driver voltage and the luminescence brightness at the time of impressing a current - driver voltage 5 6V and 
luminescence brightness - 2740 cd/m2 it was . This component is set in desiccation nitrogen and it is initial 
brightness 1000 cd/m2. When the continuation drive (constant current) was carried out, the brightness half-life 
was 560h. The amount of [ after 500h drive ] power surge was 0.4V. 

[0041] (Examples 13-16) Organic electroluminescence devices were produced like the example 1 except having 
changed the quinolinol metal complex used for a luminous layer 4, and the ingredient used for the electronic 
transportation layer 5. The matter shown in the above-izing 5, ** 6, ** 8, and ** 10 was used for the luminous 
layer 4. Moreover, tBu-PBD shown in following ** 13 other than Alq and the triazole compound (TAZ) shown 
in following ** 14 were used for the electronic transportation ingredient 
[Formula 13] 



[0042] Thus, the ingredient of the luminous layer 4 and the electronic transportation layer 5 which were used 
for the produced component and 100 mA/cm2 A part for the power surge after the brightness half-life when 
carrying out a continuation drive (constant current) and 500h drive is shown in Table 3 together with the result 
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[Table 3] 
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[0043] (Examples 1-6 of a comparison) The component was produced like the example 1, respectively except 
having used for the electronic transportation layer 5 the quinolinol metal complex (6) shown in following ** 15 
as an example 1 of a comparison. 
Tormula 151 
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[0044] Moreover, the component was produced like the example 1 as an example 2-3 of a comparison except 
f avin S used Znq andDPVBi for the luminous layer 4, and having used Alq for the electronic transportation 
layer 5. Furthermore, it produced like the example 2 as an example 4 of a comparison except having used Alq 
lor the electronic transportation layer 5. Moreover, the component was produced like the example 7 as an 
example 5-6 of a comparison except having used Alq and Znq for the luminous layer. 100 mA/cm2 of these 
components Driver voltage [ at the time of impression ], luminescence brightness, and initial brightness 1000 
cd/m2 A part for the power surge after the brightness half-life when carrying out a continuation drive (constant 
current) and 500h drive is shown in Table 4 
[Table 4] 
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[0045] From the result shown in Table 4 from Table 1, it became clear that the component obtained by this 
example excels the component obtained in the example of a comparison in luminous efficiency or drive 
endurance. J 
[0046] 

[Effect of the Invention] As mentioned above, according to this invention, luminous efficiency is high and the 
advantageous effectiveness that organic electroluminescence devices excellent in drive endurance are obtained 
is acquired. 



[Translation done.] 



